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O B J E C T I V E S We sought to characterize noncalciﬁed coronary atherosclerotic plaques in culprit
and remote coronary atherosclerotic lesions in patients with acute coronary syndrome (ACS) with
64-slice computed tomography (CT).
B A C KG ROUND Lower CT density, positive remodeling, and adjacent spotty coronary calcium are
characteristic vessel changes in unstable coronary plaques.
METHOD S Of 147 consecutive patients who underwent contrast-enhanced 64-slice CT examination
for coronary artery visualization, 101 (ACS; n  21, non-ACS; n  80) having 228 noncalciﬁed coronary
atherosclerotic plaques (NCPs) were studied. Each NCP detected within the vessel wall was evaluated by
determining minimum CT density, vascular remodeling index (RI), and morphology of adjacent calcium
deposits.
R E S U L T S The CT visualized more NCPs in ACS patients (65 lesions, 3.1  1.2/patient) than in
non-ACS patients (163 lesions, 2.0  1.1/patient). Minimum CT density (24  22 vs. 42  29 Hounsﬁeld
units [HU], p 0.01), RI (1.14 0.18 vs. 1.08 0.19, p 0.02), and frequency of adjacent spotty calcium
of NCPs (60% vs. 38%, p  0.01) were signiﬁcantly different between ACS and non-ACS patients.
Frequency of NCPs with minimum CT density 40 HU, RI 1.05, and adjacent spotty calcium was
approximately 2-fold higher in the ACS group than in the non-ACS group (43% vs. 22%, p  0.01). In the
ACS group, only RI was signiﬁcantly different between 21 culprit and 44 nonculprit lesions (1.26  0.16
vs. 1.09  0.17, p  0.01), and a larger RI (1.23) was independently related to the culprit lesions (odds
ratio: 12.3; 95% conﬁdential interval: 2.9 to 68.7, p  0.01), but there was a substantial overlap of the
distribution of RI values in these 2 groups of lesions.
CONC L U S I O N S Sixty-four-slice CT angiography demonstrates a higher prevalence of NCPs with
vulnerable characteristics in patients with ACS as compared with stable clinical presentation. (J Am Coll
Cardiol Img 2009;2:153–60) © 2009 by the American College of Cardiology Foundation
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154he recently developed technology of multi-
detector computed tomography (MDCT) has
the potential to noninvasively identify and
characterize noncalcified coronary atheroscle-
otic plaques (NCPs) in vivo (1,2). A potentially
nteresting application would be the identification
f patients or individual coronary lesions with an
ncreased likelihood of plaque rupture or erosion,
eading to acute coronary events. Some previous
tudies have identified plaque characteristics typi-
ally observed by computed tomography (CT) in
See page 161
atients with acute coronary syndrome (ACS). Such
haracteristics included lower CT density, positive
emodeling (PR), and adjacent spotty calcium deposits
3,4). We previously reported that, in comparison
with intravascular ultrasound (IVUS), 64-
slice CT allows reliable analysis of the com-
ponents, vascular remodeling, and adjacent
calcium morphology of NCPs and could
document that lower CT density, PR, and
adjacent spotty coronary calcium frequently
co-existed in potentially “vulnerable” lesions
(5). We consequently hypothesize that these
morphologic factors of NCPs might act
synergistically to increase the risk of ACS.
Although most previous analyses were
limited to culprit lesions in ACS patients
(3,4), we designed the study reported here to
characterize all NCPs—including noncul-
prit lesions—in patients with ACS with
64-slice CT. We also compared the NCP
characteristics in patients with ACS with
others with stable coronary artery disease.
E T H O D S
tudy patients. From November 2006 to October
007, we enrolled 147 consecutive patients with
roven or suspected coronary artery disease (96 men
nd 51 women, 67  11 years), who underwent
DCT angiography for follow-up or diagnosis of
oronary artery disease. Exclusion criteria for MDCT
ngiography included cardiac arrhythmias (i.e., atrial
brillation or frequent paroxysmal premature beats),
ontraindications for iodinated contrast medium, un-
table hemodynamic conditions, and ST-segment el-
vation myocardial infarction. Furthermore, patients
ith previous ACS, percutaneous coronary interven-
ion, and/or coronary artery bypass grafting were
ome
und
ionxcluded. The study was approved by our hospital’s Hthical committee, and written informed consent was
btained from all patients.
We assigned patients to the ACS (non–ST-
egment elevation myocardial infarction [NSTEMI]
nd unstable angina) or the non-ACS group ac-
ording to standard criteria (6). Specifically,
STEMI was defined as a new finding of ST-
egment depression of 0.1 mm or T-wave inver-
ion of at least 0.3 mm in more than 2 anatomically
ontiguous leads and elevation of troponin-I levels
0.05 ng/ml). Unstable angina was defined as a
ew onset of severe, progressive, or resting angina
ithout elevation of electrocardiographic (ECG)
T-segment and troponin-I level. Patients without
ny of these criteria and with stable clinical presen-
ation (equivocal or positive cardiac stress test,
typical chest pain, or stable exertional chest pain)
ere assigned to the non-ACS group.
For all patients in the ACS group, invasive
oronary angiography was performed within 24 h
fter MDCT angiography. Vessel narrowing was
easured with quantitative coronary angiography
nalysis (QCA-CMS, Version 5.3, MEDIS Med-
cal Imaging Systems, Leiden, the Netherlands) in
he projection that revealed the highest degree of
tenosis, and obstructive stenosis was defined as
uminal diameter narrowing 50% compared with
he reference site. Per patient, 1 single obstructive
oronary stenosis was identified as the culprit lesion.
hen multiple obstructive coronary stenoses were
etected, the culprit lesion was defined as the lesion
hose appearance was associated with ECG
hanges or as the lesion with the most obstructive
uminal narrowing.
DCT scan protocol and reconstruction. MDCT an-
iography was performed with a 64-slice CT scan-
er (LightSpeed VCT, GE Healthcare, Waukesha,
isconsin; gantry rotation time, 0.35 s; 64 0.625
m detector collimation, retrospective ECG gat-
ng). Patients with a resting heart rate 60 beats/
in received 40 mg metoprolol orally 60 min before
DCT scanning; all received 0.3 mg nitroglycerin
ublingually just before scanning. Our scan protocol
nd reconstruction methods have been described
reviously (5). In brief, after a plain scan to deter-
ine the calcium burden of the coronary tree and
easure coronary calcium score according to the
tandard Agatston method (sequential scan with
6  2.5 mm collimation; tube current 140 mA;
ube voltage 120 kV), we acquired a contrast-
nhanced data set 30 to 50 ml (0.6 to 0.7 ml/kg)
ontrast medium (Iopamidol, 370 mg I/ml, BayerB B R E V I A T I O N S
N D A C R O N YM S
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155reath-hold. The volume data set was acquired in
elical mode (64  0.625 mm collimation; CT
itch factor, 0.18 to 0.24:1; tube current, 600 to 750
A with ECG-correlated tube current modulation;
ube voltage, 120 kV). The effective radiation dose
as estimated on the basis of the dose-length
roduct and ranged from 15 to 18 mSv (5). Image
econstruction was performed with image-analysis
oftware (CardIQ, GE Healthcare) on a dedicated
omputer workstation (Advantage Workstation
er.4.2, GE Healthcare). A “standard” kernel was
sed as the reconstruction filter. Depending on
eart rate, either a half-scan (temporal window 
75 ms) or multi-segment (temporal window 175
s) reconstruction algorithm was selected, and the
ptimal cardiac phase with the least motion artifacts
as chosen individually.
valuation of NCP characteristics. All coronary seg-
ents 2 mm in diameter were evaluated by 2
linded and independent observers with curved
ultiplanar reconstructions and cross-sectional im-
ges rendered perpendicular to the vessel center
ine. The definitions of NCPs and coronary calcium
ere as follows (5): NCP: a low-density mass 1
m2 in size, located within the vessel wall and
learly distinguishable from the contrast-enhanced
oronary lumen and the surrounding pericardial
issue; coronary calcium: a structure on the vessel
all with a CT density above that of the contrast-
nhanced coronary lumen or with a CT density of
120 Hounsfield units (HU) assigned to the cor-
nary artery wall in a plain image. For NCPs and
alcium analyses, the optimal image display setting
as chosen on an individual basis; in general, the
indow was between 700 and 1,000 HU, and the
evel between 100 and 200 HU.
As previously described (5), we determined the
inimum CT density in each NCP by placing at least
regions of interest (area 1 mm2) in each lesion and
ocumenting the lowest average value of all regions of
nterest, and on the basis of our previous results (5),
ow-density NCPs were defined as lesions with a
inimum CT density of 40 HU. We also deter-
ined the extent of luminal enhancement of each
oronary lesion by placing a region of interest (area
mm2) in the center of the coronary artery lumen at
he respective reference segment. On the basis of
easurements of the cross-sectional vessel areas
mm2) at each NCP site of maximum vessel area and
ach proximal reference site of the same coronary
rtery, we calculated the “Remodeling Index” (RI).
ositive remodeling was defined as RI 1.05 (7).
inally, we assessed calcium deposits in or adjacent to pach NCP by determining their presence or absence
nd their morphology. Spotty calcium was defined as
ollows: length of calcium burden 3/2 of vessel
iameter and width2/3 of vessel diameter (8). If the
nitial classification of NCP and adjacent calcium
iffered among the 2 independent observers, final
lassification was achieved by consensus.
tatistical analysis. Coronary calcium score is ex-
ressed as median value and range, and other mea-
urements are expressed as mean  SD. Continuous
nd categorical variables were compared with the
ann-Whitney test and chi-square test, respectively.
nterobserver variability of measured CT densities and
ross-sectional vessel areas was determined by calcu-
ating Pearson’s correlation coefficient. In comparisons
etween ACS and non-ACS lesions and culprit and
onculprit lesions, we used only lesion specific factors,
ot including patient characteristics because lesions
lustered in a single patient. Parameters of NCPs were
ested with a receiver-operator characteristic curve to
ssess their reliability as prognostic variables for pre-
icting ACS culprit lesions. Logistic regression was
sed to examine the associations between NCP char-
cteristics (RI, presence of adjacent spotty calcium,
CP CT density, and reference site CT density) and
CS culprit lesions for multivariate analysis adjusted
or the location of NCPs. All analyses were done with
MP 5.0.1 statistical software (SAS Institute Inc.,
ary, North Carolina). A p value of 0.05 was
onsidered statistically significant.
E S U L T S
aseline characteristics. The mean heart rate during
canning was 61  10 beats/min; mean scan time for
oronary CT angiography was 6.3 2.1 s. No patient
xperienced any complication due to MDCT, and no
atient was excluded from analysis due to poor image
uality of the 64-slice CT.
Of the 147 patients, 46 (31%) had no NCPs as
etected by 64-slice CT angiography (31 patients
ad no coronary atherosclerotic lesions, and 15
atients had only calcified coronary lesions), and all
6 had presented with stable symptoms. In the
emaining 101 patients (69%) (21 patients with
CS [8 NSTEMI and 13 unstable anginas] and 80
f 126 patients with stable clinical presentation
non-ACS: no symptom, atypical chest pain, or
table exertional chest pain]), CT angiography al-
owed detection of at least 1 coronary lesion that
ontained noncalcified components. A total of 228
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156haracteristics of the 101 patients with NCPs are
hown in Table 1. There were no statistically
ignificant differences between ACS and non-ACS
roups. Figure 1 shows MDCT and invasive angio-
raphic findings in a case with ACS.
omparisons of NCP ﬁndings between ACS and non-
CS patients. Sixty-five and 163 NCPs were detected
n the ACS (n  21) and non-ACS (n  80) group,
espectively. The location of NCPs in the ACS and
on-ACS groups was similar (6% and 10% in the left
ain coronary artery, 37% and 39% in the left anterior
escending artery, 20% and 15% in the left circumflex
rtery, 37% and 36% in the right coronary artery,
espectively). The mean number of NCPs/patient was
ignificantly higher in the ACS group (3.1  1.2)
han in the non-ACS group (2.0  1.1, p  0.01).
omparisons of NCP characteristics between the 2
roups are shown in Table 2. Excellent inter-observer
greement was found for minimum CT densities of
CPs (r 0.91), for luminal densities at the reference
ite lumens (r 0.94), and for all cross-sectional vessel
reas (r 0.88). The minimum CT density of NCPs
as significantly lower in the ACS group (24  22
U) than in the non-ACS group (42 29 HU, p
.01). There was no difference in mean CT densities
f reference site lumens between the ACS and non-
CS groups. The mean RI of NCPs was significantly
igher in the ACS group than in the non-ACS group
1.14 0.18 vs. 1.08 0.19, p 0.02). Noncalcified
oronary atherosclerotic plaques were more frequently
ssociated with spotty calcification in the ACS group
60%) as compared with the non-ACS group (38%,
 0.01). Furthermore, the frequency of low-density




(n  80) p Value
Age (yrs) 66 11 69 9 NS
Male/female 17/4 61/19 NS
Hypertension 13 (62) 53 (66) NS
Hyperlipidemia 12 (57) 37 (46) NS
Diabetes mellitus 8 (38) 39 (49) NS
Previous or
current smoker
12 (57) 45 (56) NS
Statin use 8 (38) 23 (29) NS
Heart rate
(beats/min)
59 7 59 9 NS
Body mass index
(kg/m2)
25 3 24 4 NS
Coronary calcium
score
184 (0–1,550) 107 (0–4,656) NS
N  101. Coronary calcium score is expressed as median value (range). Other
data are the mean value  SD or n (%) of patients.
ACS  acute coronary syndrome.CPs with PR and spotty calcium was substantially tigher in the ACS group (43%) than in the non-ACS
roup (22%, p  0.01).
T characteristics of culprit versus nonculprit lesions in
CS patients. In the 21 ACS patients, 21 culprit and
4 nonculprit NCPs were detected. Of these lesions,
2 (21 culprit and 11 nonculprit) were assessed as
bstructive (50% stenosis) by invasive angiography.
omparisons of NCP characteristics between culprit
nd nonculprit lesions in the ACS group are shown in
able 3. The frequency of adjacent spotty calcium was
imilar in both types of plaques (57% vs. 61%). The
inimum CT density of the culprit lesions tended to
e lower than that of the nonculprit lesions (15  13
U vs. 28 24 HU), but this difference did not reach
tatistical significance. The mean RI of the culprit
esions (1.26  0.16) was significantly higher than
hat of the nonculprit lesions (1.09 0.17, p 0.01),
ut there was a substantial overlap of the distribution
f RI values in these 2 groups of lesions (Fig. 2). The
ptimal cutoff for RI by CT angiography to predict
ulprit lesions was 1.23 and had a sensitivity of 71%
nd specificity of 82% (area under the curve 0.77). The
requency of plaques that displayed all 3 parameters of
vulnerability” (low CT density, positive remodeling,
nd spotty calcium) tended to be higher for culprit
esions (57%) compared with nonculprit lesions
36%). However, the difference was not significant.
ultivariate analysis, which included larger RI
1.23), the presence of adjacent spotty calcium, the
inimum NCP CT density, and the reference site
T density, revealed that a larger RI was the only
ignificant predictor of ACS culprit lesions (odds
atio: 12.3; 95% confidence interval: 2.9 to 68.7, p 
.01). Furthermore, the mean RI of the 21 culprit
esions was significantly higher than that of the 11
bstructive nonculprit lesions (1.26 0.16 vs. 1.08
.16, p  0.01), whereas the minimum CT densities
15  13 HU vs. 15  18 HU), frequencies of
djacent spotty calcium (57% vs. 64%), and frequen-
ies of low-density NCPs with PR and spotty calcium
57% vs. 45%) were similar.
I S C U S S I O N
n this study, we demonstrated that 64-slice CT
oronary angiography allows visualization of more
oncalcified coronary atherosclerotic lesions with
haracteristics assumed to be associated with plaque
vulnerability” in patients with ACS as compared with
atients with stable clinical presentation. Thus, 64-
lice CT might contribute toward the differentiation
f “vulnerable patients.” Furthermore, we observed
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157ccurate discriminator of culprit and nonculprit lesions
n ACS patients. Thus, our results provide further
vidence for the potential of MDCT angiography to
oninvasively identify vulnerable lesions and vulnera-
le patients.
eneral ﬁndings of NCPs in ACS. In a report using
6-slice CT angiography, the prevalence of noncalci-
ed plaque was 100% in ACS culprit lesions (3). The
Figure 1. Invasive Angiography and Coronary CT Angiography
(A and B) Invasive coronary angiographic images show an initial oc
(arrowhead) and a recanalization of the lesion. (C and D) Curved m
and noncalciﬁed coronary atherosclerotic plaque (NCP) with spotty
sectional vessel areas of the reference site (a) and NCP (b) are 23 a
The minimum computed tomography (CT) density of the NCP is 16
the cross-sectional image (c). (E and F) Curved MPR images show m
(LAD) (arrows). The cross-sectional vessel areas of the reference site
28 mm2, respectively. Therefore, the RI is 1.0. The minimum CT den
reference site (f) and obstructive NCP (g) in the middle portion are
CT density of the NCP is 7 HU (g). NSTEMI  non–ST-segment eleresent study on 64-slice CT also confirms the pres- pnce of NCPs in all ACS patients and in all ACS
ulprit lesions, whereas no patient without any NCP
ad an ACS. Although the number of ACS patients
as small (n 21), this indicates a high sensitivity of
CP as detected by CT to identify patients with
CS.
Furthermore, our findings are in accordance with
revious evidence that the disease process in ACS
58-Year-Old Man With NSTEMI
ion of the proximal portion of the right coronary artery (RCA)
lanar reconstruction (MPR) images show the subtotal occlusion
ium in the proximal portion of the RCA (arrowhead). The cross-
9 mm2, respectively. Therefore, the remodeling index (RI) is 1.26.
nsﬁeld units (HU) (b). Spotty calcium with the NCP is observed in
ple nonculprit NCP in left anterior descending coronary artery
and nonobstructive NCP (e) in the proximal portion are 28 and
of the NCP is 44 HU (e). The cross-sectional vessel areas of the
and 18 mm2, respectively. Therefore, the RI is 1.0. The minimum
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158he coronary circulation and might lead to instability
f multiple plaques (9). In fact, multiple plaque
uptures in locations other than on the culprit lesion
ave been detected by IVUS in patients with ACS
10). In the present study, with 64-slice CT angiog-
aphy that can evaluate the entire coronary tree, more
CPs/patient were detected in the ACS group than
he non-ACS group, and those that were detected
ore frequently displayed “vulnerable” characteristics,
uch as lower CT density, extent of arterial remodel-
ng, and presence of adjacent spotty calcium. Mo-
oyama et al. (4) reported that 47% of culprit lesions in
CS had all 3 characteristics of PR (RI 1.1), low
T density (30 HU), and spotty calcium (3 mm
n size). We also observed that 43% of NCPs in the
CS group had all 3 vulnerable characteristics, al-
hough the criteria we used varied slightly. This
ndicates that multiple vulnerable plaques with char-
cteristics similar to the culprit lesion are often present
n the entire coronary tree of ACS patients.
redictors of ACS culprit lesions in MDCT. A previous
tudy with CT angiography (4) revealed that, among
he 3 vulnerable characteristics, positive remodeling
as the strongest discriminator between culprit and
onculprit lesions in patients with ACS (PR: 87%;
ow CT density: 79%; spotty calcium: 63%), similar to
ur results. Whereas this could be explained by pre-
ious data, such as a histopathological study using
ostmortem hearts that revealed that coronary plaques
ith PR had a higher lipid content and a higher
acrophage count (11), or the fact that excessive
xpansive remodeling promotes continued local lipid
ccumulation, inflammation, oxidative stress, matrix
reakdown, and eventually further plaque progression











24 22 42 29  0.01
Reference site 351 44 357 62 0.46
Remodeling index 1.14 0.18 1.08 0.19 0.02
Adjacent spotty calcium,
(n [%])
39 (60) 62 (38)  0.01
Low-density NCPs (40
HU) with PR and
spotty calcium,
(n [%])
28 (43) 36 (22)  0.01
Data are the mean value  SD or n (%) of non-calciﬁed coronary atheroscle-
rotic plaque (NCPs).
ACS  acute coronary syndrome; CT  computed tomography; HU 
Hounsﬁeld units; PR  positive remodeling.12), this observation has to be interpreted withaution. In a retrospective analysis such as ours, the
orrelation of remodeling and culprit lesions might be
consequence of plaque rupture and not necessarily a
redictor. Also, in spite of a significant difference of
he mean RI between culprit and nonculprit lesions of
CS patients, the overlap of RI values in these 2
roups was substantial.
tudy limitations. Caution is required when interpret-
ng CT densities of NCPs. We cannot exclude the
ossibility that thrombosis might be present in some
CS culprit lesions, and low-density NCPs are indis-
inguishable from thromboses due to their similar
ensities. Thrombosis adjacent to very-low-density
CPs might increase the CT densities that were
easured, and this might be 1 of the reasons that the
inimum CT density is not statistically different
etween the culprit and nonculprit lesions in the
resent study. We believe that selecting the minimum
ensity value as the NCP density is an appropriate
ethod for limiting partial volume and beam harden-
ng effects resulting from neighboring structures, es-
ecially hyperdense calcium. However, improvements
f spatial resolution will be necessary to more reliably
dentify and characterize NCPs on the basis of CT
ensities.
Second, at present, there is no gold standard for
etermination of coronary plaque vulnerability in CT
ngiography. For example, in the previous MDCT
tudy, spotty calcium was defined as 3 mm in size
4). However, the visual estimation of high-density
tructures, such as calcium deposits, varies depending
n the window setting in the CT image. Therefore,
e believe that our method, which is based on the
omparison of calcium dimensions with vessel diam-
ters, is more appropriate for classification of calcium
eposits.
Table 3. Comparison of NCP Characteristics Between Culprit










15 13 28 24 0.07
Reference site 353 46 350 43 0.95
Remodeling index 1.26 0.16 1.09 0.17  0.01
Adjacent spotty calcium,
(n [%])
12 (57) 27 (61) 0.75
Low-density NCPs (40
HU) with PR and
spotty calcium,
(n [%])
12 (57) 16 (36) 0.11
Data are the mean value  SD or n (%) of NCPs.
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159Third, the present study is retrospectively designed,
nd we assume that vulnerable NCPs have morpholog-
cal characteristics similar to those of already-disrupted
CPs—a limitation shared with previous studies in this
eld. A long-term, large prospective trial would be
ecessary to determine whether CT stratification of
CPs indeed has prognostic value for predicting future
ardiac events. Future approaches might, in fact, extend
eyond CT analysis of plaque morphology, such as
emonstrated by a recent report that described the use of
dedicated contrast agent to visualize macrophage infil-
ration in atherosclerotic plaques (13).
Finally, our data acquisition protocol led to a
elatively high radiation dose for coronary CT
ngiography. Recently, a prospectively ECG-
riggered algorithm has been developed that allows
maging with substantially reduced dose (14). Fur-
her studies will be required to validate the accuracy
or identification and characterization of NCPs
ith newer low-dose algorithms.
O N C L U S I O N S
e were able to demonstrate that 64-slice coronary
T angiography detects a higher number of athero-
clerotic lesions with noncalcified components in pa-
ients with ACS as compared with patients with stable
ymptoms. Identifying the actual culprit lesion in
CS patients is more difficult: among the character-
stics that are assumed to be associated with plaque
vulnerability” in CT, a large degree of positive re-
odeling was the only independent predictor of cul-
rit lesions in ACS patients, but a large variability was
bserved concerning the extent of positive remodeling
n culprit and nonculprit lesions. Rather than identi-
ying a single lesion responsible for a future coronary
vent, the ability to investigate plaque characteristics84.
N, et al. Comprehe
noncalcified coronaive fashion might be an important property of coro-
ary CT angiography regarding its potential applica-
ion in the context of identifying “vulnerable patients”
t risk for ACS.
cknowledgments
he authors are grateful to Nobuhiko Hirai, MD,
nd Masao Kiguchi, RT, for their technical assis-
ance. The authors also thank Dr. Shozo Miki for
is critical reading of the manuscript.
eprint requests and correspondence: Dr. Hideya
amamoto, Department of Cardiovascular Medicine,
raduate School of Biomedical Sciences, Hiroshima



























Figure 2. Comparison of RI Between ACS Culprit and Nonculpri
The mean RI of the culprit lesions is signiﬁcantly higher than that o
non-culprit lesions (1.26  0.16 vs. 1.09  0.17, p  0.01), but ther
substantial overlap of the distribution of RI values in these 2 group
lesions. ACS  acute coronary syndrome; RI  remodeling index.hroughout the entire coronary system in a noninva- 8551, Japan. E-mail: hideyayama@hiroshima-u.ac.jp.E F E R E N C E S
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